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Abstract. Fossil coal combustion in power plants is a principal energy sources in World but 
our residues can be considered as a waste. Disposal residues as landfills are under environmental 
regulations and laws. It is desirable the revegetate these sites to stabilize surface fly ash against water 
and wind erosion and for aesthetic landscape. Vegetation to disposal sites of fly ash resulting from 
coal combustion is possible in a short time by fertilization with municipal sludge its own or mixed 
with indigenous volcanic tuff, with clinoptilolite. Synergistic effect of municipal sludge (biosolids) 
with volcanic tuff determines vegetation cover up to 60-65% and reduces the bioavailability of toxic 
metals in soil. Treatment with biosolids and biosolids with volcanic tuff reduces the bioavailability of 
Cr. and Pb. and up to 50% Ni. Cu bioaccumulation is reduced with 11.6 -22.8%. 
 




Fly ash is a resultant of fossil coal combustion at high temperature being a solid waste 
for many the countries. It is a amorphous mixture of ferroaluminosilicate minerals. 
Physically, fly ash occurs as very fine particles. In power plants in the world is produced 
annually million tons of fly ash. The conventional disposal of fly ash leads to degradation 
arable land, landscape, and biodiversity. Fly ash has high potential for contamination of 
surface and/or groundwater, contamination of the environment by deflation, erosion, washing 
and reaching of toxic materials in water and soil. In time, fly ash results in the formation of 
deposits of material devoid of nutrients and with potentially toxic due to presence of large 
amounts of metals. Addressing the consequences of land degradation is achieved through 
strategies for vegetation fly ash deposits and areas destroyed. (1-8) 
Revegetation strategies may offer more opportunities, such as: 
-Installing a tolerant vegetation to environmental conditions and do not accumulate 
heavy metals in aerial plant tissue. In this case, it results a biomass that can be harvested and 
used without risk of spreading pollutants in soil, water, food, etc. 
-Installing vegetation offering the possibility of acquiring large quantities of metals 
from soil into the tissue, then the harvesting and processing to allow transfer rates of metal 
from soil to plants. (1, 4, 9) 
A potential strategy is required for the remediation of fly ash deposits having low 
fertility and poor soil structure. (4, 5) 
In this study it was considering opening the store grass crops fly ash under the 
following conditions: 
1. Application treatment variant of the fly ash to allow accumulation of heavy metals 
in the aerial plant tissue (10) 
2. Application treatment variant to limit access of metals in the plant aerial tissue. (5) 
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Fly ash experimental lots were fertilized with biosolids in type of sewage sludge 
anaerobic fermentation, which provide sufficient nutrients for growth of plants. (11-13) It was 
selected a specie with naturally growing capacity in arid areas. The selected plant was Lolium 
perenne. 
In order to ensure the water resources in time of drought and to limit the 
bioavailability of metals in soil, it was used indigenous volcanic tuff with clinoptilolite. (14, 
15). 
 
MATERIALS AND METHODS 
 
A field experiment was conducted on a lignite fly ash site. The content of heavy 
metals from the fly ash disposal is shown in Table 1. The most usual techniques were used for 
soil preparation and agricultural maintaining works. 
Tab. 1 
Metals content from the fly ash 
 
Collection part Metals mg/kg D.M. 
Fe Mn Cu Cr Zn Ni Pb 
North zone 1 















West zone 1 















South zone 1 















East zone 1 2,120.0 157.9 67.4 79.2 80.5 78.8 34.9 
Study zone 2,060.0 138.4 62.1 75.0 169.2 85.1 35.2 
Collected samples from 0-5 cm depth 
 
Experimental lots was fertilized with biosolids (municipal sludge, anaerobically 
stabilized) in quantity of 25 t of D.M./ha. The biosolids characteristics are shown in table 2. 
The study was performed on an experimental block consisting of four experimental 
lots, 10 m2 per lot with three replicates.  
The variants are as follows: 1. fly ash - variant no added organic fertilizer and volcanic 
tuff, control; 2. fly ash - variant treated with native volcanic tuff, 3. fly ash-variant fertilized 
with organic fertilizer, biosolids; 4. fly ash-variant fertilized with organic fertilizer, and native 
volcanic tuff. 
Tab. 2 
Characteristics of biosolids 
Humidity 90%, organic matter = 26.4%, Ntotal = 0.7%, P = 0.65%, pH = 6.1. 
 
 Metal content mg/kg D.M. 
Fe Cu Cd Crtot Zn Ni Pb 
Biosolids 2,003.7 333.9 7.3 134.7 304.6 27.4 157.8 
 
The selected plant species was Lolium perenne. The sowing was done in September 
2009. The most common ecological tests were used to determine the plants abundance. 
Biosolids samples analysis was done according to the standard analysis. Soil samples analysis 
was done to determine the total iron, zinc, copper, chrome, nickel and lead quantity according 
to the analysis method of ISO 11047/99. Soil sample preparation for analysis was done in 
accordance with ISO 11464/98. Dried soil samples were digested with aqua regia. Plant 
sampling was done in accordance with the methodology described in STAS 9597/1-74, and 
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the sample analysis was done in accordance with STAS 9597/17-86. Plant and soil extracts 
analysis was done using a spectrophotometer with atomic absorption, Varian Spectra AAS. 
The detection limit of the device is 0.001 mg/l. The used tuff is indigenous from Marsid with 
a 70% clinoptilolite. 
 
RESULTS AND DISCUSSIONS 
 
The first analysis of plants was done in April, 2010. In the table 3 are presented 
morpho-physiological characteristics of plants. 
 
Tab.3 
Physiological characteristics of plants 
 








Fly ash, control 7-8 2-3 15.43 2-7 
Fly ash + volcanic tuff 7-8 3-5 19.3 10-15 
Fly ash + biosolids 10-15 8-10 13.79 50-60 
Fly ash + biosolids + volcanic tuff 10-13 8-10 17.15 50-60 
 
It is noted that the addition of biosolids will increase the plant development and, also, 
help to forming a much stronger roots. In case of control, on fly ash, the abundance was low 
(2-7), the few growing plants are fragile, rare and less rooted in the soil. Also, adding volcanic 
tuff didn’t make a significant difference compared to control. 
In Tab. 4 are presented the amounts of accumulated metals in the aerial tissues of 
plants. 
Tab. 4 
Metals quantities accumulated in aerial tissues of the aerial plant tissues species Lolium perenne 
 
Crt 
No. Experimental lots 
Quantity of metals mg/kg s.u. 
Fe Cu Cr Ni Zn Pb 
1 Fly ash, control 302.2 15.76 4.43 2.02 23.06 17.69 
2 Fly ash + volcanic tuff 364.8 18. 79 udl 1.17 20.33 udl 
3 Fly ash + biosolids 385.47 12.16 udl 1.06 30.15 udl 
4 Fly ash + biosolids+ volcanic tuff 345.7 13.7 udl 1.02 26.54 udl 
 
The treatment used has no influence on Fe and Zn bioavailability.  
Addition of indigenous volcanic tuff with clinoptilolite increases the abundance and 
helps the formation of roots (dry weight plants contain more than the field results with ash). 
Addition of biosolids increased abundance, causes the growth of vigorous plants, with roots 
twice as rich. Biosolids reduces the amount of DM, while the volcanic tuff increases the DM 
value in all cases. 
Addition of volcanic tuff determines the increase of abundance to ≥ 50%. 
In case of the variants treated with biosolids, indigenous volcanic tuff, and biosolids 
and indigenous volcanic tuff with clinoptilolite was recorded areduction of Cu and Ni content. 
Other toxic metals Cr and Pb were under detection limit. 







Fly ash sites have the appearance and behaviour of desert land, even more present the 
risk of pollutants spreading in water, air and soil, endangering the trophic chain. 
Addition of fertilizer in type of biosolids offer minimum growth necessities and 
maintaining cultures of Lolium perenne in the unfavourable conditions of the fly ash sites. 
Addition of biosolids and indigenous volcanic tuff has a synergistic effect on ensuring 
conditions for growth and / or development of Lolium perenne species on fly ash site. 
Treatment with biosolids and biosolids with indigenous volcanic tuff highly reduces 
the bioavailability of Cr and Pb in the plant aerial tissue. It also reduces up to 50% Ni 
bioaccumulation and 11.6 to 22.8% of Cu. 
Biosolids reduces the amount of DM, while the volcanic tuff increase the DM value in 
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